As one of very rare and unusual tracks of hurricane Ophelia, it exists over the North Atlantic Ocean during the period of 9-17 October 2017. The present work investigates the role played by blocking system over North America on the development of hurricane Ophelia. The 6-hour daily data of NCEP/NCAR reanalysis composites for the meteorological parameters are used. The meteorological elements used in the present work are (geopotential height and meridional wind components at 500-hpa level). The domain of this data is the northern hemisphere domain. Moreover, the 6-hour data on the surface pressure at the center of hurricane Ophelia and its maximum wind through the period (9-17 October) have been used. The time series, anomaly and correlation coefficient methods have been used to analyze the meteorological data. The results revealed that the persistence of blocking high system over the North America during the period of 9-17 October 2017 controls the development, strength, and the track of hurricane Ophelia over the North Atlantic Ocean.
one of very rare and unusual tracks of hurricanes in the North Atlantic Ocean. This storm steadily strengthened over the first days before becoming a hurricane on 11 October. After becoming a Category 2 hurricane and turning in intensity for a day, Ophelia intensified into a major hurricane (of category 3) on 14 October, south of the Azores. Archipelago is near the Azores Savard from a severe weather with strong winds and heavy rainfall. After achieving peak intensity, Ophelia began sapping as it accelerated over progressively colder waters to its northeast towards Ireland and Great Britain (Stewart, 2018) Pezza & Simmonds, 2006; Hafez, 2008; Hafez, 2011; Mattingly et al., 2014) . The blocking systems control the atmospheric circulation and weather conditions in the northern hemisphere (Treidl et al., 1981; Park & Ahn, 2014; Whan et al., 2016; Brunner & Steiner, 2017) . In fact, blocking high episodes have a great impact on the weather and climate of several areas because they are depicted by the sudden change in the atmospheric flow, affecting the normal synoptic systems (Sinclair, 1996; Wiedenmann et al., 2002; Renwick, 2005; Hafez, 2012; Hafez & Almazroui, 2016) . However, there are several criteria for blocking definition. The Rex definition of blocking is defined the blocking episodes by using of synoptic charts and putting quantitative conditions (Rex, 1950a (Rex, , 1950b (Rex, , 1951 . Dole (1982) defines the blocking episode using of numeric conditions. The present work aims to study the anomaly of geopotential height and meridional wind component over the North America and Atlantic Ocean during the period of hurricane Ophelia; moreover study the correlation relation between them and the characteristics of hurricane Ophelia (development, strength, track); finally, uncover the teleconnection between the blocking system persist over North America and the existing, developments and extreme track of hurricane Ophelia over the northern Atlantic Ocean through the period of 9-17
October 2017.
Data and Methodology
The 6-hour data of NCEP/NCAR reanalysis composites for the meteorological parameters are used. The NCEP/NCAR Reanalysis 1 project is using a state-of-the-art analysis/forecast system to perform data assimilation using past data from 1948 to the present. A large subset of this data is available from PSD . This data supported from the site of NOAA/OAR/ESRL PSD, Boulder, Colorado, USA and according to (Kalnay et al., 1996) . In addition to that, the 6-hour of meteorological elements of hurricane Ophelia surface pressure and wind speed used in the present study (Stewart, 2018) . The data sets analyzed using time series, anomaly methodology and linear correlation coefficient techniques . The correlation analysis follows the Pearson correlation method according to Kendall and Stuart (1973) . Moreover, the satellite images of hurricane Ophelia and its track has used.
Blocking Criteria
To clarify the role of blocking system on the development, hurricane Ophelia the definition of blocking episode needed first. In fact, there are several definitions of blocking systems. Some of them are according to the synoptic criteria and other definitions according to numeric criteria. The synoptic and numeric criteria of the blocking formation systems are defined by Rex (1950a Rex ( , 1950b Rex ( , 1951 , Namias (1964) , Dole and Gordon (1983) and Dole (1986) . For the purpose of the present study, the blocking system defined based on criteria of Rex (1950a Rex ( , 1950b and Dole (1986) . In this work, the definition using synoptic charts side by side to anomaly conditions of geopotential height conditions at the 500-hPa level. These criteria have basic conditions such as the westerly air current aloft must split to two distinct branches. This splitting must be northern latitude of 30˚N. The using of these synoptic criteria has advantage for clarify the synoptic situation of the main westerly air current aloft and initiation of the blocking case in the atmospheric air weather charts. For numeric, quantitatively, the anomaly in geopotential height value at 500 hPa level must be more than +100 m for a high pressure flag for several longitudes. In addition to that, the anomaly is less or equal (−100 m) for low pressure flag for several longitudes. Moreover, these conditions must persist more than or equal to five continues days. This numeric method has exact quantitative values for blocking detection.
Results and Discussion

Analysis of the Meteorological Elements of Hurricane Ophelia (9-17 October 2017)
Time series analysis has been used to analysis the variation of surface pressure at the center of hurricane Ophelia and the maximum wind through the period 1) The surface pressure gradually decreased from 1008 hpa on 9 October 0000 UTC to reach to 966 hpa on 13 October 0600 UTC. After that, it has slightly increased to reach 974 to 13 October 1200 UTC. The pressure values decrease again to record 963 hpa on 14 October 0600 UTC. Through the period (14 October 1200 UTC to 15 October 1800 UTC), the pressure is a constant value of 959 hpa. The surface pressure become increasing sharply from 959 hpa on 16
October 1200 UTC to reach its maximum value 997 hpa on the dissipation of the hurricane Ophelia on 17 October 1800 UTC. The variability of surface pressure at the center of the hurricane is completely clear in Table 1 and Figure 4 .
2) The wind strength analysis clarifies that the hurricane Ophelia has seven stages of initiation on 9 October to the dissipation on 17 October 2017. It developed as a tropical storm on 9 October 0000 UTC with maximum wind 35 knots.
This stage continues until 11 October 1200 UTC to wind reached to 60 knots.
After that time, it becomes a hurricane of category 1 according to the Saf- Table 1 and Figure 5 . It is clear that the highest wind speed is nearest to the point of 2) Over the east Atlantic Ocean, it found that, the meridional wind is a northerly wind from the day of 9 October to the start of the day of 11 October. The northerly wind anomaly reached to (+15 m/s) through that period. From the night of the day 11 October until the mid of the day of 17 October, the meridional wind is completely north wind over the east part of the Atlantic Ocean. It Figure 7 . 6-hour anomaly of geopotential height (m) at 500 hpa level over north America and west Atlantic ocean through the period of hurricane Ophelia (9-17 October 2017).
Y. Hafez, A. Labban Table 3 . The 6 hours anomaly of meridional wind component at level 500 hpa over the west and east Atlantic Ocean during the period of hurricane Ophelia (9-17 October 2017). For the two days 14 and 15 October, the meridional wind anomaly is a higher value between 25 m/s and 30 m/s. Table 3 and Figure 8 illustrates the variations of meridional wind components over the west Atlantic Ocean.
3) Figure 9 illustrates that the variability of 6-hour anomaly of meridional wind component at 500 hpa level over the west Atlantic ocean is contradicting to the east Atlantic ocean through the period of hurricane Ophelia (9-17 October 2017).
The Teleconnection between the Development of Hurricane Ophelia and the Blocking System over North America
To study the teleconnection between the development of hurricane Ophelia and the blocking system over North America linear correlation coefficient technique used. The maximum wind speed and the surface pressure at the center of hurricane Ophelia has been correlation test with the blocking system persist over north America and Atlantic ocean through the period (9-17 October) of the year 2017. The results revealed that:-1) There is a strong positive correlation coefficient of (0.890) between the surface pressure at the center of hurricane Ophelia and the geopotential height anomaly at 500 hpa level over the west Atlantic Ocean as shown in Table 4 .
2) There is an outstanding negative correlation coefficient of (−0.859) between the maximum wind speed for the hurricane Ophelia and the pressure at the center of Ophelia. As illustrated in Table 4. 3) There is a significant positive correlation coefficient of (0.703) between the maximum wind speed for the hurricane Ophelia and geopotential height anomaly at 500 hpa level over the west Atlantic Ocean. As clear from Table 4 . The present work using the NCEP/NCAR 6 hour reanalysis data of meteorological parameters geopotential height and meridional wind component at 500 hpa level for the northern hemisphere to study the unique hurricane Ophelia. This unique distribution of the pressure system over North America and north of Atlantic Ocean leads to a low pressure system appears over north Atlantic in-Y. Hafez, A. Labban 
